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d u r i n q  t1-e f'irst r i x  monti s of t l c  proqram w ~ , i ~ k  was prev io  js ly  reported i n  

l$,arterly I'roqresr; 3eeywrts 71 and k?. *..e work is  administered by t k A e  

Because t* Is i s  R profless repor? ,  i n f o r m t i o n  cor.ta1ned licrein I s  t en t a t ive  

snd siibiect to c ' r a n p s ,  co r rec t io r s ,  and modi: l c a t i o n s .  
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%e bean opt i rnizi t ioc c o i q x t e r  p r m s m  w w  completed and 9. beam size selected 

for fabrication and t e s t .  A t;O i nch  member was cbosen  because %.t i is  w n s  t.'-;e 

lon.ysc: s p a n  sl-,owtrlg a weigi;t ad7nmt;age for fiSerElass. A 12 i n c h  depth  was 

r,clect,ed w 1 , i c h  restilted i n  E? beam that, would support approximtel ;  17',00,? po:.nds. 

Di r i r ig  t he  e ig '  :kmontk>,  fabrim' ion of u lnr? ing  m a n d r e l s  for compression struts, 

road terisiorl r o d s ,  snd f l a t  t e n s i o n  r o d s  wqre cowletell. %ol t ryout  of t h e  0 

IA:, bond t e s t s  w i t , b  Nzrmro 7J4jj!713? srere completed b 

l s p  l e r g t f x .  

m m t s ,  subsequently the s t r u t  drawing m s  ck.anged to  increase t h e  end fitting 

3nr.d lengt;) f r o m  I/?'' to 1 '  . 

t e s t i n g  3,/4" snd 1" 

Tfe s t r e n K t h  derived from tl)e 1" lap sztisfied deslqr: req.ilre- 

%e fiberglass beam dest,?n was complete? and  tk,e materisls for  f ab r i ca t ion  

were ordered. %e materials selected w e r e  U. - .  h1:imeri : :  181 ".;" glass  cloth 

for the w e b  skl2s and 30 end r o v i n f  fo r  t h e  f l m g e s .  

comb core ms rlosen for  s t a b i l i z i r i c ;  f b e  web s k i n s .  The elass 1-1 o t+  and ro.ri:isi 

were to be yreimprecnate? w i t t  17-7P-r resi?  I>;i t i , P  sumiier. 

Hexcel 3 / l t )  FlF honey- 

D l r i n E  the n i n t h  month a portion of the mterk ls  ?reliminar:- tests were 

conpleted. Tiese were (1) the r e s i n  hardness a:id h e a t  d i s t ,o r t ion  tes t s ,  
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( 2 )  glr isr;  determination, (3 )  t e n s i l y  c t ren ; th  of  proces?e(l l? end roving 

ami ( b )  resin c o n t e n r  of impregnated 12 end r o v i n g  Find 

single end yarns. 

Four compression tubes were fabricated i n  t1:e nint!a month#. Tl,ree of these 

were acceptable  and one 538s destroyecl while belng removed from the mndre l ,  

as wns the first p s r t ,  mde t i m i n g  tke eiKkthrnont?.. Mac\ i n i n g  of aliminum 

ent1 zaps was completed wid the spher ica l  b z a r l n ~ p  were swage? i n  place. 

Fornfng of the  cursed f o i l s  for tf'e rmind r c n s i o n  rods was s ta r ted ,  h o u e v e r ,  

the small rGii1 ar.d st,iffness of t h e  full nard s t a h l e s s  steel have caused 

prok.lems. '1. special  form 5ie is  being m d e  t o  a l l e v i a t e  tL-e problem. Lap 

s h m r  tensile spccimer,s are beinc m%de t o  determilie f o l ?  t o  laminate bum? 

. ~ t r e r - s t _ h .  '3 e : j t ren<th  de+& I'rom t, ese spec imens  w i l l  be >!red i n  C i ~ a l i 7 i n g  

t t e  desipns of flst and round tensicm rods. 

0 
T! e n n n u f a c ' , r r r i n ~  and Eissembl; p r n c e d u e s  for f ' n b r t t s ?  f rig :be -ornposite beem 

were se l ec t ed  and t o o l  design wqs i n i :  lntec?!. 

i mcre de tn i l ed  d i s c u s s i o n  of se-ocpll -hmen',s fol lows:  

prel lnlnary mteri?.ls t,ests were det'ined i n  BSle 1 

report. P.e same table ( ! k t l e  '$1) i s  shown in t h i s  

some of the tests. 

of the F i f t h  mont1,ly proyresc. 

report wit l -  the resu3.t~ of 

and rov ines  was lover t \ a n  
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Resir! t e s t s  are complete and bot?. t i l e  m t p r l n l  rnd cure cyc le  ere Rcceytahle. 

Hardness tests were conducted in 1-corchncc with :Tt4 C i 7 P  - 1 is ing an i n s t a r . t  

r m d t n g  on u 3 o r c  D IXmmeter. %I i n a i v i - h a 1  rmdLnq was made on pack of five 

se;Yirnt.e r e s i n  cas t ings .  All castings ,L,sd a klardqpss qf 'hore w l i ~ ~ t ~  i s  

wall sbove the minimum vs lup  o f  requircd f o r  R fn l l j .  1- r e d  cssting. Heat 

deflec+,lon tests were condwted  i n  a-cordancP w i t -  C\;W D 64'-56 a t  a f' lexilril  

stress of ' 3 4  p s i  on t he  1/2 x 1,'7 x 5 LEI-" c a s t  bars.  

t o  prodace the s t a n d a r d  deflectlon m e  t a b d a t e d  b l o w  f o r  t b e  Yive bars t e s t ed .  

Tte temperst.rrs r e q l l l r p d  

27f0  F 

2T'h 

- 3,,'2 

2 ,c 

2:r  
c --- 

4vc 2?3*F 

me rninimim Rcceptsn le  t,em?eru+ x r e  fcr -'TON '2 , ':.3i~.:.,'i31~. is T r  0'7. 
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c*onzis tentl;; fa f led  alom tlie lamipate t o  sdheslve Sond l i n e .  vi t h  some 

ei:ider.:e of ?lass F i b e r s  sdliorirlg t o  t'rie adhesive.  

I.. I CojqresLjion , L ~ * t , t : <  - _-_. 

h i r ing  t! e th i rd  qua.rfierl:r report inp: period t.he cornprrsci.on t,l;be mandrel concept 

m c  developed aid 8 t o t 2 1  of f i v e  rlt\rt.s were fabrtTsted.  O f  these f i v e  parts', 

t!:e f i r s t  t w o  were destroyed because of release agent f R i l i . : r C .  A pl;oto6pipkA 

of :he f i r s t  f a i l ed  par: 1s r,lio-m i n  F i g w e  3 .  The mandrel i s  a smooth cylizctrl- 

C R ~  Ezlun1n:m t*.ibe wi.t,:k. was cclvered w i t h  a one mil. teflon film ke8t sealed i n  

pla:e, p r i o r  t o  i.v-i.~76ing t h ~  part, A f t e r  vl:?i:.g er,d e:i.rf?g, m:!.lre c a t s  vere 

mde t o  proauce the required leng?h. Trie end t r i m  mt.er?.Rl was removed from 

+.he maiidrel and t 5 e  tube was t k c n  ~isI:ec? off  w i t h  R metal sleeve. me tuhe 

moved f r e e l y  ex:ept f o r  the l a s t  6 i n c h e s  wk,lc!-  boceme wedged onto t l ~ e  mr.dre3 

h e ? m s e  the par! ing f i l m  v r i n k l e d  Rnd f o l d e d .  .':!bseqiient, efforts to remove 

the part f a i l ed  and tke end of the tube was c u t  as stown i n  the p h o t o p a p b .  A 

s i l i c o n e  sprzy par?,iriG f i l n  was used r'or t b . e  se!-ond tube;  knwever, it war; 

impossible to move t,?.j.:: _wrt by s l id ing .  I.iqii?d nitroger, ? o l d  sk.#xkir, :q of t.he 

m,nrlrpl ms emp1o::ed rind, a l t t  riiigk. there  was vis lS le  eviden,:? of separation 

between t!.e m a n d r e l  a n d  CFe part, the ;  remir.ed 1.orked tnqet . t ,er .  Tt. WECS 

nocessmjr to CY: t k e  secimd part  t o  remove it. from the m a n d r e l .  InspectLon 

reveslcd ri*mercv:s scrstc! F?S snd SI i;!.,t evidcnce of mc? i:!inb: proo\-es on t h e  

mi1drel w l ; i c k  were s!T'seqQentl;r removed b;/ ),arid polis! Ir.?. ' I l e  mandrel was 

t k r .  d i z y r s l o n  coated w i t b l  tef lor  arid the coatir:ra; WRR s i n t e r e d  t o  provide 

a complete film \Jft,J-,oiit j o i n t s .  %e tk.€rd,, f o u r t h ,  and  f i f t h  t!ibes were w0:ind 

ani? syiceessf'alLy removed af te r  r:old shock .  

glass t..it)e and t.? e ali.mi::iun end f i t t i n g s .  

a 

F i p w e s  4, 5 ,  and il show t k e  f i b e r -  
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' a  

The bean w i l l  be f a b r i c a t e d  in rl S ! P ~ ~ S C ! O ~  o-' rriolGin.: snd Srmdlr& s ~ e p s .  7he 

ve3 face s k i n s  ( - ! t  o n  t":e drRi.riii,T) will be laminated from l R l  "SI' glass c l o t t -  

???7 prepreg i n  ari sluain:n aold. XI1 l w n i n a t i o n s  w i l l  be placed i n  t!?e exact 

;>osition, the assemb1:r w i l l  be vncim.rn ??eg~;ed and c m c d  mder  50 ps i  sutocllave 

gressiue.  

t h e  face skins  for one h e m .  "?.e t w o  flanKes (-5) will be p r d i i c e d  c l m l t a n -  

e01isJ.:~~ hUr f i l l i n g  both s i d e ?  of P_ channeled mold wl.th t.he appropr i s te  lahers 

of gl?ss c l o t h  and 20 end Frepreq' rcwtn-. These f lnnqes w i l l  ALSO be vRc:mm 

bapged and c u r d  under ' :C p s i  ?u?oelt-ive p v x : i ~ : ~ e .  ?e web face sk ins  will be 

bonded to the  p1,enollc hwevecmb :ore and tile flEinr-es bonded to the face s k i n s  

I:? m e  operation. A mcx?iYfed ~ p o q  film n d t e s i v e  wlll be used .  The e n t i r e  

part will be V3c:iltm baggel and ?.i.toclave ?ress!:re applied. 

']sed to ?old all. parts ir. alimment d $ s l : i g  (;.\ire, tk,;iis avoidir-,g -,:wpnge. "be 

f l n d  fahri(:st.Zor. steps w l l l  be t~ondinq the a1:jmj ~ ' I U  l o a d i n <  bracke ts  in place 

wlf-b: m epoxy-pt.enolic a d h e s i v e  tape. h i r s  of lirp.cirots rire connected w i t  b 

i:olts :?-.rmq2. t? .e  wet1 to react t-he tenslor? 1.~~33.  d1:e t,o eccent.ric: loadins. It 

was b e l i e v e d  urtdesirsble to c a r r y  t h i s  load tk:rov<k tk,e sdhesive bonds between 

brscke ts ,  web, and cor? material. 

.WO separate l s y l ~ p  and c:iri:Iq npemttions vi11 be required to grcduce 

-2 f ix t . u re  will be 





a 

P I- T F \  

L 

tj Js 

BEAM ELEMENTS 



.03 - 

2.0 -.I 

r.0 - 

1.6 - 

1.4 - 

1.2 - 

1.0- 

0.0 - 

0.6 - 

0.4- 

0.2 - 

O d  

- 

I4 

13 

t2 

IO 

1 9 

8 

- @  
UJ 

- v  

- t  
* 7  Ai 
f: 6 

I 
l-- 5 

m 

. a  
I 

g 4  

3 

2 

I 

0 

P, BEAM LORD =BERM SHERR -1000 LBC 
C I I I 1 I I -  I I I 
0 2 4 G 8 10 12 I4 16 1% 

BEAM BENDING WW€MT-  i0,OOO IN. LBS. 
F\GUEE \2 m € R G L R S S  BERM - SPRN = 20" ZS 

/' TC I n 
U 

2 4 4 $ IO 12 I4 16 18 20  22 24 26 2 0  



-03 

I3 
I: u 
E .02 
? 

nJ 
LL 
I- 
* .OI 
c 

lA 
I- 

O 

0 2c 

P P  

FikrjGE LATERALLY P SUPPORTED P @ 6.66" 

h n TF I 
W v 0 

n n TCI . d 
v v 0 
t " n 

v WIDTH 
0 

2 4 6 0 IO I2 14 16 I 8  20 22 2 4  26 2 8  
P, BEAM LOAD = BEAM SH€AR - 1000 LBS 

I 1 I I 1 

0 2 4 6 8 

~- 

1 1 I 1 

\O 12 14 I6 I 8  
EXAM BENDlNG M0,MENT - l 0 ,OoO IN LBS 

F I G U t E  \3  
ALUMINUM BEAM - SPAN = 20" Z G  



.04 

0 

LI N 

2 



-03 

r/, 
w 
X g .02 - 
2 

h :01 

ry 
LA 
t- 

LI 
c 

0 

O O  
0 L 

.est 2 

2 4 L 8 10 12 I+ 16 I0 20 2 2  29 26 2 8  

P P  

-40 __ 

6 P 
FLANGE LA'pu;IRLLY SUPPORTED Q \3.33" 

n 

WIDTH v 



P P  

2 .o- 

a 
1.2- 3 

* 

5 0.b 
k 

0.4 

0-2 

t- L .o\ 

2 0  “ 

. , ~. . 

. .~ ., . .  .; . .  

. . .  . 

0 
. . ) . .  

, .  
. .  

. . . . . , . 
.. . r .. 

. . I  

, .  

. . . , . ..”. .. . . - .  
I 1  

22 

20 

\0 

\b 

\4 

12 

\O 

0 

6 

4 

2 



P P  
I I  

1.0 . 

0.9 

$0.0 

5 z 0.7 
c 

t 
0 0.6 
3 
3: 0.5 
h 

CJ 
$ 0.4 

5 0.3 
k 

Y 0.2 

.. 

.O 3 

0 

2 4  

22 

2 0  

I0 

t 
a 6  

4 
x 

2 

0 

0 
I 0 

0 TF t 0 

. .  

WUD 

.Io-- 

TC 2 

-0 

-- eo 

/ P . I .  

ALUMINUM BERM - SPAN = 60” 



P P  

I 6  

\. 6 1 16 

0.21 2 

0 - I o  0 

I / 

h TCI 
X 

WlOTH 

2 4 6 8 IO I2 \4 16 18 20 22 2ui 26 2 8  
P, B E A M  LOAD = BEkM %ERR - 1000 LBS 

I I I I I I I I I I 

16 24 32 0 6 

3r 



P P  
i i 

24 

22 

20 

1.8 !8 

W 

O 4  

0.2 2 7 0 C 

10 0 

b 

/ T f 3  

2 4 6 8 \O \2 r4 16 18 20 22 2 4  2b 2 0  
P, B U M  LOAD = BERM SHEAR - 1000 L03 

1 I I 1 1 
0 8 16 24 32 90 48 

1 1 1 1 1 

56 6 4  12 
BERM BENb\NC MOMENT - i0,OGO IN. LBS. 



P P  
I I 
i i  

450- 

900 

350 

0 

0 
200- 

i-i 
b 

1%- 

100- 

50 - 

0 -  

c 

. -  
I I I 1 I I 1 I I I 1 i 

0 2 4 6 13 IO I2 14 16 t0 20 22 219 26 2 8  
L 1 1 1 I 1 1 I I I 
0 2 4 6 0 \o \2 14 16 

f', BESM LOAD = BERM SHEAR - 1,000 LBS 

BERM BENP\NC MOMUT-  10,000 \hl. CSS 



P ? 
FLANGE LRTERALLY SUPPORTED <a 13.33" 

/4 
I; 

P 

1 / 
/ 

/ 
h 

\ 

\ 
\ 

4 
\ # 

/ 

* I 1 I I I i 

0 2 + d 8 1 0  I2 14 I6 IS 20 2 2  24 26 2 0  
0 I I 

1 1 I 1 
0 4 8 I2 16 2 0  2 4  20 32 36 

P, BEAM LOAD = BkRM S m U  - 1,000 Le5 

BERM B€.NO\NG MOMENT - \O,OOO lN.L-85 

I 1 1 I I I 

F\GURE 21 
34 



I4QO 

I200 

t 
c4 
W 

600 

900 

200 

0 

. 
P Q 

FLANGE LRTERRLLY SUPPORTED e 20' 

/ 
/ 

I 
I 

/ 
/ 

/ 
1 

/ 

I dl 
/ 

/ 

/ 7% 

P 
/ 

/ 
/ 

/ 
/ 

/ 
----_ v - - -  

-0 --- 

I 1 I I I I I 1 1 1 1 
2 4 L 0 \O \Z \4 16 \a 20 Z i l  24 26 2 0  



P P  
I I 
i i  

1500 

(J z 
L 

I 

6 
2 
0 

5 0 0  

A I  . .  . . . ,  
/ 

/ 
/ 

1 
/ 

/ 
/ 

- 
P 
/ 

/ 
1 -  

t 
/ 

--a,- ---- 
'd --- 



apparer.tl;i more c lose l :~  r e l a t e d  to the depth and flanve cl,ickr.css of the besm 

,qiving R l a rqe  increase i n  def lect ion w i i i ,  increasinq l o a d .  IJeyond 3f6O po';nds 

l o a d ,  t he  beam depth iwreases ar.d + ' e  deflectiorl  becomes l e s s .  T t  is poss ib le  

t f a t  these wide pro*:rfzim exc:irsior!s wc?:-ld r,ot have occiirred i f  more cases  tad 

been InclLtded i n  t h e  cornp1;ter anal;rsis.  

9 i r ink '  the riherplass h e m  optimization s t u d y  8 3  ana lys i s  of the ef fec t  of 

honeymmb core iler.slt,;- on beam e r f i c i e n c y  W ~ S  marlc. ?e results of + , P i s  s t i idy  

a r e  sliw-ri I n  F i r .n -e  24. 3 , e  "optimum" ciirvcj dram, on tf i s  m-~pl-  i s  taker, from 

3.3;. re I? of t h e  :econd q w r t e r l v  Tropres; F,epor+, and was established from R 

l % r y  q u a n t i t y  of p i n t s  i n c l ~ - 4 1 : 1 ~  beam c?ept.hs p e s t e r  than those considered 

Ln Fiyrre 24. ?It! ouqb the er,i i.re range of' h e m  dep:] s i s  not s':own i n  

FS-l,re 24, the  trend towirds ~1qh1-r  effi,icrlc:v' w i t ' -  tf,e low c?ensitjr core is 

ohvl JUT. Tt'e h taqvier  c o r e ,  r owevrr, d 1 ~ w w - J  sh:illower depths vi th n n  8 t tendant 

i i c r e n w  i n  web s k i n  tr ic-kxecs, tbe ne t  resid.: lei:.:; s n  increzr,e in weigt-t. 

t,i'crPa:lej. d e f l e c t i o c  a l so  accompnies tLC sf.P.llnwer beams. 

IC l b , ' f t '  plienoli - hone I comb core was selec ked fo r  beam f a b r i - a t l o r  . 
'Die 3/1k inch  cell, 

? 

I? tk.e Yeclond 2 \ ia r te r ly  R;.por+, t v e l v e  posr ib le  modes of beam T a i l i r e  were 

t d e n t  if ied ( re feren-e :  FI~T sr i r \ .  of these twelve, n i n e  c o n s t i t i i t e  po::si181 e 

f a i l r e  modes for t!e fCi inct lorif.: b:, l? inck, deep Sefim s ' : o m  i n  FigLre *. 
Three possible  modes w e r e  el imineted w t e n  a so l id  urS.direc:tional f ' l lnment f l n w e  

was selected ins tead  c;f a snall k:roup of mIdire.tionIi1 filsmetits stabilized 

on the edges b: Fone;:comt <:ore and face nkinz.  me computer p r o p m  has deter-  

ni:ied the m x i m m  load "P' k k i s  beam w i l l  support for eact of the faililre nodes 

when loaded as s'-ocn? 17 the sketck . ?%,e maxinm lw-ds for  ~ A C ;  f a i l u re  m o c k  

are t.abuleted below: 
0 





F F 

er 02 fl. 

General. we5 bucklifig 

31 





---.e -..-._.- 
; \ '-,,' ',I \ . *.I. , ,* > 

1. 

h /-. 

!c , 


